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j Norboo T (SNM Hospital, Leh, Ladakh, India), Yahya M, Bruce NG, Heady JA and Ball KP. Domestic pollution and res- 

. piratory illness in a Himalayan village, international Journal of Epidemiology, 1991; 20: 749-757. 

Summer and winter surveys of a village in Ladakh have been used to study respiratory illhess and domestic pollution 
from fires in an arid high altitudfe region of northern India. The prevalence of chronic cough with chronic phlegm rose 
steeply with age, and was great&r among women than men. The percentage of villagers with a forced expiratory voli 
I ume in one second/forced vital capacity (FEV/FVC) ratio of less than 65% also rose with age, to include 24% ofmen and 

j 32% of women over 50 years in the summer survey. Lung function was significantly worse in those reporting chronic 

cough, independently of age and sex (pcO.QOI >. Carbon monoxide (CO) measurements were used to assess domestic 
pollution from fires. Amongst the small minority of smokers (all men) CO in exhaled air was higher than in non¬ 
smoking men. In non+smoking men and the women, levels of exhaled CO were very significantly higherin winter than 
j in summer, as were the levels of CO measured in the houses. There was a fall in FEV, (but not FVC) between summer 

j and winter (p<0,0001), and an association was found between individual change from summerto winter in exhaled air 

j CO and the individual change in FEV, (pcOiOl), A significant negative association wasfound between the winter value 

i of CO in exhaled air and FEV/FVG ratio in women (p<0.05), although a similar association in.men was non-significant, 

j No significant associations were found between winter pollution Itevels and the presence of chronic symptoms. During 

| winter, fires withoutchimneys gave higher levels of house pollution and individual CO in exhaled air than those with 

j chimneys (p<0.01). It is concluded that domestic pollution is aniimportant contributorto chronic respiratory illness in 

j this community, and that an intervention study is now required to establish the benefits to health of an .improved fire 

design; 


The village of Chuchot Shamma lies at an altitude of 
3000 metres (il 1 200 feet) beside the river Indus, and 1 ! 
about 15 km from Leh. the capital of Ladakh. This 
region lies in the rain shadow of the main Himalayan 
range and experiences a very low level of precipitation. 
Although its physical isolation has prevented rapid 
change, the recent expansion of tourism has provided 
some impetus for western style development, prin¬ 
cipally in and around Leh- Despite this contemporary 
influence, the culture of Ladakh which is historically 
closely linked to that of Tibet is generally well 
preserved. 


•Sonam Norboo Memorial Hospital, Leh, Ladakh, India. 

•*Leh Nutrition Project, Ladakh, India. 
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United Kingdom; D r N G Bruce. Department of Public Health and 
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For some years, physicians working in the Sonam 
Norboo Memorial Hospital in Leh had been concerned i 
by the number of people from Chuchot with chronic 
lung disease suggestive of chronic bronchitis. Pollution 
from domestic fires was suspected of being a cause. 
Heating and cooking in the home is provided by fires 
burning wood and dried yak dung, and many of these 
fires either have no chimney, or at best emit a lot of 
smoke and fumes into the living accommodation. 
During winter, when outdoor temperatures can fall to 
-30°C, families spend long periods in poorly ven¬ 
tilated and heavily polluted rooms. A graphic histori¬ 
cal description of the situation is given in an account of 
the travels of William Moorcroft through this region in 
the 18th century. 1 

... He was appalled at the acrid smoke from the yak 
dung fires which filled every Ladakhi living room in 
winter and he often insisted that the fire be put out, or 
lay on the floor to clear his streaming eyes, before he 
could treat some of his sick patients. 

Evidence from other highland communities in 
Nepal 2 and Papua New Guinea. 3,4 have identified high 
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levels of domestic pollution and chronic lung disease 
which is thought to be chronic bronchitis. Although an 
association between time spent exposed to pollution 
and respiratory illness has been demonstrated in 
Nepal, 2,3 there is little other direct evidence of a causal 
link between biomass smoke and chronic lung disease. 
A survey of Chuchot was therefore carried out in order 
to investigate the prevalence of respiratory illness, and 
to study the relationship between the level of domestic 
pollution and the observed pattern of illness. 

METHODS 

Chuchot Shamma is one of three contiguous villages 
lying beside the Indus near Leh, and the economic 
activity, culture and the types of stove and fuel used are 
typicali.of the area. The first survey of the village was 
conducted during August 1987, and an attempt was 
made to contact all inhabitants aged 20 years and 
above using the electoral register. A total of 208 
women were examined, an overall response rate of 
74%, and of 76% or more in all age groups except the 
20-29-year-olds (65%). Some 156 men were exam¬ 
ined. an overall response rate of 53%. This varied 
more bv age; 80% in those 50 and older, but only 44% 
for ages 20-49 years. 

A second survey carried out during the following 
December (1987) and January (1988) sought to re¬ 
examine all subjects who had beerv successfully 
contacted during the previous summer. The re-exam* 
ination response rate was similar to the first study, 78% 
overall for women and 56% for men, with a similar age 
pattern. The poor response for the younger men 
occurred because many left the village very early in the 
day to go to work in Leh, and this means that the effec¬ 
tive response for younger males examinedin both stud¬ 
ies is very low (about 20%). The sample was 61% 
Moslem (the majority Shia) and 39% Buddhist, which 
reflects the known religious constitution of the village 
population; About 40% of the men were government 
employees and also farmers, and most of the rest solely 
farmers. The majority of women described themselves 
as housewives, but they are also farmers. 

Summer Survey 

An interview was conducted by a local doctor (MY), 
with questions on occupation and religion, smoking, 
and the standard MRC questions on cough and 
phlegm. 6 The responses to the questions on cough 
were divided into ‘no cough’, ‘infrequent cough’ and 
‘chronic cough’. A subject had ‘chronic cough’ if either 
morning cough in winter, or daytime/night-time cough 
in winter (or both) were reported, and this pattern of 
coughing was reported on most days for as much as 


three months each year. A subject had ‘no cough: if all 
answers were negative, and ‘infrequent cough* if there 
was either morning cough in winter, or davtime/night- 
time cough in winter (or both) but which did not occur 
on most days for as much as three months each year. 
Analogous definitions were used for ‘no phlegm’, 
‘infrequent phlfcgm’ and ‘chronic phlegm’. Subjects 
were asked whether they smoked manufactured ciga¬ 
rettes, bidis (local Indian cigarettes), a hookahpipe, 
and whether they used snuff or chewing tobacco. The 
interview was followed by measurement of forced 
expiratory volume in one second (FEVJ and forced 
vital capacity (FVC) made with a Micromedical Pocket 
turbine spirometer, an instrument which has been vali¬ 
dated elsewhere 7 and used previously in epidemiolog¬ 
ical fieldwork. 8 The measurements were made in the 
houses, and the highest of three readings was taken for 
analysis. 

Carbon monoxide (CO) levels were used as a 
measure of pollution caused by domestic fires, and for 
validation of reported smoking habits. Two types of 
measurement were made. First, CO in the exhaled air 
of each subject was recorded with a Bedfont EC50 ana¬ 
lyser. This was calibrated to zero prior to each test, and 
all measurements were made ina room away from lit 
fires. Second, measurements of ambient kitchen CO 
levels were made with the same instrument in a 
number of houses at three locations; over the fire 
(‘fire’), in the middle of the kitchen at floor level 
(‘floor ), and in the same place but at chest height' 
(‘middle*). 

Winter Surxey 

This consisted of an interview also carried out by MY 
which covered current smoking habits, and deter¬ 
mined whether any fires were alight in the house, and 
whether or not these had a chimney pipe. Measure¬ 
ments of FEV, and FVC were then made using a 
Micromedical Micro turbine spirometer (the original 
summer instrument was not available), but using the 
same protocol. Spirometry was carried out in the 
houses, where the mean temperature was 11 9°C 
(SE0.17). This compares to 23.5°C (SE 0.19) for the 
houses in summer. Although there was a difference of 
11.6°C in room temperature, since the turbine of the 
spirometer is mounted in a closed tube which is held 
against the mouth, there is unlikely to be any impor¬ 
tant difference between the summer and winter sur¬ 
veys in the temperature of air reaching the turbine. 
Carbon monoxide in exhaled air was measured with 
the same Bedfont instrument, with subjects outdoors, 
of if indoors, away from a room with (or near) a lit 
stove. This was done to avoid air from the heavily pol- 


Source: https://www.industrydocuments.ucsf.edu/docs/shpx0000 
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luted rooms being inhaled, and then breathed out into 
the CO analyser. Ambient CO levels were also 
measured at the same three locations in the kitchens. 
Questions about cough and phlegm were not asked 
again in the winter survey. 

Smoking 

In the summer survey, 35 (22.7%) of the men, and 
none of the women reported smoking cigarettes. Of 
the 35 male smokers, only 7 (20%) were aged 40 years 
or over, and: this means that 42% of those under 40 
were smoking cigarettes. The use of other forms of 
smoking material and tobacco was minimal! Seventeen 
of the men examined in both the summer and winter 
surveys were classified as smoking cigarettes, and one 
was aged 40 years or over. For analyses involving CO 
in exhaled air as a measure of pollution, smokers have 
been presented separately or excludedi All other 
analyses have been carried out with and without the 
smoking mem but since the exclusion of smokers made 
little difference, the results are presented for all men. 

Statistical Methods 

Three aspects of respirator}' health care considered for 
the purposes of examining the associations with dom¬ 
estic pollution; (a) symptoms of:chronic cough and of: 
chronic phlegm; (b) lung function measured in winter, 
and (c) the individual change in FEV, between sum¬ 
mer and winter. The distributions of CO in exhaled air. 
and particularly in the houses. *ere quite markedly 
positively skewed. Accordingly, the p-values derived 
from comparisons of CO levels in the different groups 
in Tables 3 and 6 have been carried out on the log- 
transformed data. Untransformed means and standard 
errors are given in both Tables in order to facilitate 
comparison with levels of exposure to CO found in 
other studies. 

RESULTS 

The Prevalence of Chronic Cough and Phlegm 
Table 1 shows that the prevalence of both chronic 

Table J Prevalence by age of chronic cough and of chrome phlegm in 
Chuchot Sham mo, Summer survey 


% with % with 


Age 

chronic cough 

chronic phlegm 

(years) 

Men 

Women 

Men 

Women 

20.24 

0 

26.3 

7,1 

13 1 

25-29 

0 

28.5 

13.4 

14 3 

30.39 

16.7 

27.0 

16.7 

18.7 

40-49 

22.2 

34.3 

115 

22.9 

50^59 

33.3 

66.7 

30.0 

62:5 

60+ 

67.7 

78.9 

48.4 

63:2 


cough and chronic phlegm rose quite steeply with age 
in the men and women examined in the summer sur¬ 
vey. The women reported a higher prevalence of 
chronic cough than men at all ages, while the sex differ¬ 
ence in chronic phlegm became prominent only after 
age 40. About one-quarter of the women aged under 
30 in this sample reported cough on most days for three 
months during the winter, while none of the men under 
30 did so (chi-square test» 8.06; df = 1; pcOOl). 
Overall, 63% of the men with chronic cough, and the 
same percentage of women with chronic cough, also 
had chronic phlegmi The prevalence of chronic cough 
with chronic phlegm by age is shown in Figure 1. The 
percentage o^both men and women with chronic 
cough who also reported chronic phlegm increased 
markedly with age; for men it rose from 0% at 20-29 to 
71% at 50 and over, while for women it rose from 39% 
at 20-29 to 87% at 50 and over. 

Lung Function (Summer) and Symptoms 
The overall mean FEV/FVC ratio was 76.0% in the 
men and 76.9% in females, and became progressively 
worse with increasing severity of cough (Table 2). 
Males aged 50 and over with chronic cough had a ratio 
of 66.8% compared to 76.6% for those in the same age 
group reporting no cough, while values for females 
were 67.8% and 76.2% respectively. The relationship 
between symptoms and lung function was examined by 


Percentage 



** *** Women Men 

Fig uni 1 The prevalence of chronic cough with chronic phlegm (see 
text for definitions) by age among men and women in Chuchot (summer 
survey) 


Source: https://www.industrydocuments.ucsf.edu/docs/shpx0000 
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Table. 2 Number of subjects examined in ihe summer survey, mean summer values ofFEVfFVC ratio (%fand standard errors for men and women 

by level of cough 


Men 

Age group 


None 

Level of cough 
Infrequent 

Chronic 

Total 

20-34 

n 

33 

6 

3 

42 


mean (S.E.) 

82.3(1.4) 

82.8 (3.5) 

79.8(9.7) 

82.2(1.3) 

35-49 

n 

22 

8 

9 

39 


mean (S.E.) 

75.7 (2.3) 

76.4(4.5) 

73.1 (4.8) 

75.2(1.9) 

50+ 

n 

17 

9 

29 

55 


mean (S.E.) 

76.6(2.4), 

78 7(4.4) 

66.8(2.2) 

71.8(1.6) 

Total 

n 

72 

23 

41 

136 

Women 

mean (S.E.) 

78.9(1.1) 

79.0 (2.5) 

Level of cough 

69.1 (2.0) 

76.0 (0.9) 

Age group 


None 

Infrequent, 

Chronic 

Total 

20-34 

n 

58 

8 

26 

92 


mean (S.E.) 

81.6(0.9) 

80.7(3.8) 

77.2(2.1) 

80.3 (0.9) 

35-49 

n 

32 

7 

19 

58 


mean (S.E.) 

77:0(2.1) 

74 8(3.2) 

74.9 (2.5) 

76.0(1.5) 

50+ 

n 

6 

3 

25 

34 


mean (S.E.) 

76 2(4.5) 

70.6(2.1) 

67 8(2.1) 

69.5 (1.8) 

Total 

n 

96 

18 

70 

184 


mean (S-E ) 

79 7(0:9) 

76.7(2.2) 

73.2(1.3), 

76.9 (0.7) 


multiple regression to take account of age and sex. 
FEV..TVC ratio was. independently of age and sex. 
significantly lower in the group reporting chronic 
cough relative to those with no cough (p<0.01). but 
only slightly lower (and non-significantlv) in those 
reporting infrequent cough. A similar pattern of 
deteriorating lung function with more severe symp¬ 
toms was seen for chronic and infrequent phlegm 
(p<0.05). 

The proportion of men and women with an FEV,/ 
FVC ratio of less than 65% rose quite steeply with age, 
to include 24% of men and 32% of women aged over 50 
years. 

Pollution in Summer and Winter 
Carbon monoxide levels in individual exhaled air were 
markedly higher in winter than in summer (Table 3a). 
The 17 men (examined in both surveys) who smoked 
cigarettes had CO levels in summer which were three 
times higher than non-smoking men, a highly signifi¬ 
cant difference. There was a smaller absolute increase 
in CO level between summer and winter among 
smokers as compared to non-smokers, but the higher 
level in smokers remained significantly above that for 
non-smokers in winter (p<0.05). The summer CO 
levels in women and non-smoking men were similar, 
but in winter were significantly higher in women 
(p<0.05). Ambient levels of CO at the three measure¬ 


ment sites within the houses are shown in Table'3(b). 
These levels were not surprisingly highest close to the 
fires, and also showed marked increases from summer 
to winter at all three measurement locations. All 
p-values quoted for CO level comparisons relating to 
Tables 3(a) and (b) are of the log-transformed data. 

Lung Function in Summer and Winter 
Among the subjects examined in both surveys, the 
mean FEV, fell between summer and winter bv 0.35 
litres in men (p<0.0001), and by 0.17 litres in women 
(pcO.OOOl). FVC in men fell by only 0.04 litres and 
rose by 0.03 litres in women, and the p-values for these 
differences were well above 0.1. 

Table 4 illustrates the summer and winter values of 
FEV,/FVC ratio by level of cough for the men and 
women who were examined in both surveys, and the 
change that occurred as a percentage of the summer 
value. The mean summer FEV,/FVC ratio for the sub¬ 
group of women who were seen in both surveys was 
76.1%, and this compares well with the value of 76.9% 
for the whole summer sample of women (Table 2). In 
contrast, the summer FEV,/FVC ratio for men exam¬ 
ined in both surveys was 71.9% , considerably lower 
than the summer value for men of 76.0% (Table 2), 
and this is probably the result of the poorer re-examin¬ 
ation rate among the younger males. 

The winter values of FEV,/FVC fell to 62.8% for 
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Table 3a Mean levels of carbon monoxide {CO% and standard errors in exhaled air of men {smokers. non-smokers and all men) and women, for 

those subjects with readings in both the summer and winter suneys 


Individual exhaled air 

Sex Smoking 

No. 

Summer 

Mean CO levels (ppm) 
Winter 

Difference 

p-valhe* 

Men 

Yes 

17 

76.5(3.0): 

20:4 (2.3) 

3.9 (3.2) 

NS 


No 

64 

5.5 (0.5) 

13.9(1.4) 

84(1.5) 

<0.0001 


Both 

81 

7.8 (0.9) 

15.3(1.2) 

7.5 (1.3) 

<0.001 

Women 

No 

157 

5.7 (03) 

17.3(0.8) 

11.5 (0.8) 

<0.00011 


men and 69:8% for women (Table 4),.and'there was a 
greater fall in the ratio for those reporting chronic 
cough compared to those with no cough (p = 0.G5). 
The winter values of FEVi/FVC ratio for those sub¬ 
jects reporting chronic cough were 53.2% for men and 
65.5% for women. The fall in FEV/FVC ratio for 
those reporting infrequent cough was only very slightly 
greater than those with no cough. There was some evi¬ 
dence of a similar interaction between the summer to 
winter change in FEV l /FVC ratio and the level of the 
symptom for phlegm, but this was weaker than for 
cough and did not reach significance at the 0.05 level. 

Pollution and Respiratory Health 
Symptoms. Logistic regression models with (i) pres¬ 
ence or absence of chronic cough and (ii) presence or 
absence of chronic phlegm as outcomes were used to 
examine the relationships be tw een these two chronic 
symptoms and individual exhaled; air and room CO 
levels as recordedin winter. The models were adjusted 
for age. and for men restricted to non-smokers. None 
of the associations between any of the measures of CO 
and; either chronic cough or chronic phlegm 
approached statistical significance. 

Lung function. The relationships between winter lung 
function and winter CO levels were examined using 
linear regression, adjusted for age and height, and for 
men restricted to non-smokers. The associations 
between the FEV,/FVC ratio and the level of individ¬ 
ual exhaled air CO were negative for both men and 
women; the regression coefficient for women, which 

Table 3b Mean summer and winter levels of carbon monoxide (CO) 
(and standard errors) at three measurement sites in the houses 

House measurements 


Location 

N6j 

of houses 

Mean CO levels (ppm) 
Summer Winter Difference 

p-value* 

Fire 

73 

24.5(5 0) 64.9(8.8) 40.4(10.2) 

<0.001 

Floor 

69 

10.5(1.2) 18.4(2.4) 7.9 (2.5) 

<0.01 

Middle 

68 

14 9 (1.8) 26.2 (3 4) 11.3 (3.5) 

<0.01 


•The distributions of GO in exhaled air, and particularly in the houses, 
are positively skewed. P-valUes in Tables 3a and 3b, and those relating 
to Table 6, a it therefore derived from log’transformed data. The 
standard errors shown are of the untransformed values. 


indicated a 0:19% fall in FEVyFVC ratio for a 1 ppm 
increase in exhaled air CO concentration, was signifi¬ 
cant (p<0.05). The male regression coefficient of 
-0.17% per 1 ppm increase in CO was not significant. 
The associations between FEV,/FVC ratio and the 
house measures of CO were also negative, but very 
weak. FEV t and FVC were both negatively (but non- 
significantly) associated with individual exhaled air 
and house CO levels in men. In women, with the 
exception of a non-significant negative coefficient for 
FEVj on individual CO, the associations between pol¬ 
lution levels and FE\\ and FVC were positive but very 
weak. 

Individual summer to winter change in pollution and 
FEVj. Smoking men were excluded from this analysis. 
A significant (pcO.Ql) positive association was found 
between the change in the level of exhaled airCO from 
summer to winter in each subject and the individual 
change in FEV. (Table 5). Although the magnitude of 
the fail in FEVj was greater among the men than 
women (pcO.OOl). the proportionate drop in FEVj 
across ihe range of increase in pollution was greater in 
the women (Table 5). 

Table 4 Number of subjects, FEV/FYC ratio % t (and standard 
errors / , in summer and winter for men and women who were examined 
in both surveys t by level of cough. The fall in FEVYFVC rano between 
summer and winter, expressed as a percentage of the summer value, is 
also shown 





FEVj/FVG ratio 


Level of cough 

Group 

No. 

Summer 

Winter 

% fall 

None 

Men 

31 

ISA (1.8) 

67.7 (1.7) 

9.9 


Women 

56 

78.5 (1.2) 

73.1 (L0) 

6.9 


All 

87 

77.3 (LO) 

71.1 (0.9) 

7.2 

Infrequent 

Men 

12 

77.1(4.1) 

66.3(3.4) 

14 0 


Women 

12 

76.9 (2.8) 

71.4(2.7) 

7.2 


All 

24 

77.0(2.5) 70.3(2.2) 

87 

Chronic 

Men 

24 

65.2 (2.6) 

53.2 (2.9) i 

18.4 


Women 

48 

73.1 (1.8). 

65.5(1.5) 

10.4 


AH 

72 

70.5(1.5) 

61.4(1.4) 

12.9 

Total 

Men 

67 

7L9 (V.4) 

62.8(1.4) 

12:7 


Women 

116 

76.1 (1.0) 

69.8 (0.8) 

8.3 


All 

183 

74 6 (0.8) 

672(0.7) 

99 


POQO. ' 


Source: https://www.industrydocuments.ucsf.edu/docs/shp: 
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Table 5 The association between (he decrease in FEV, (litres) between summer and winter in women and non-smoking men examined in both 
surveys, and the change in the level of carbon monoxide (CO) in exhaled air (ppm) between summer and winter 


If:;, Decrease in FEV, (in litres) according to the level of change in exhaltd CO (in ppm) between summer and wimer 

<5 ppm change 

5-10 ppm change 

>10 ppm change 

, l . 

Mean fall in 

Mean fall in 

Mean fall in 

i J' ; No, FEV, (S.E.) 

No. FEV, (S.E.) 

No. FEV, (S.E) 


The Use of Chimneys and the Level of Pollution 
A record was made during the winter survey of 
whether the fire (or fires) in each house were alight, 
and if so whether a chimney was being used (Table 6); 
The use of fires exclusively without a chimney (col¬ 
umn o) was associated with higher levels of individual 
exhaled air CO when compared to houses using fires 
with a chimney (columnb) (p<0.01), although there 
was a only a small difference when fires with chimneys 
were compared with no fire alight (column a). A 
similar pattern was seen for the house measurements 
of CO. where values for houses having fires alight 
exclusively without chimneys (column c) were higher 
at all three Ideations (p<0.01) in comparison with 
houses using fires exclusively with a chimney (column 
b). Even so. the levels of ambient CO found in houses 
using fires exclusively with a chimney (column b) were 
still considerably higher than where no fire was alight 
at the time of the survey (column b), particularly for 
measurements made close to the fire (p<0.01)iand in 
the middle of the room (>p<0.05). All p-values quoted 
for CO level comparisons relating to Table 6 are for the 
log-transformed data. 

The highest CO levels were found in houses where 
fires both with and without a chimney were in use at the 
time of the survey (column d), presumably because a 
larger number of fires were alight in each house. These 
houses showed significantly higher values of CO than 
those where exclusivelv fires without chimnevs were 


alight (column c), but only for measurements of indi¬ 
vidual exhaled air (p<0.05), and of the air in the 
middle of the room (pcO.05). 

DISCUSSION 

This study set out to investigate clinical impressions 
that the villagers of Chuchot experienced a consider* 
able burden of chronic respiratory disease, and this 
appears to have been confirmed. The prevalence of 
chronic cough and phlegm was greater in women than 
men. and rose steeply with age. These chronic symp¬ 
toms were both associated with reduced FEV,/FVC 
ratios which is suggestive of obstructive disease. When 
measured in summer, about one-quarter of men. and 
one-third of women over 50 years had evidence of 
obstructive disease defined as an FEV,/FVC ratio of 
less than 65% 9 The excess of chronic cough in women 
as compared to men w’as particularly notable at age 
20-29, which is similar to the findings for chronic bron¬ 
chitis in Nepal. 10 However, the excess of chronic cough 
and chronic phlegm among Chuchot women comparedi 
to men was seen at all ages (Table 1 and Figure 1). so 
the findings on the younger subjects are unlikely to 
have arisen simply from bias due to the higher female 
response rate in this group. 

This pattern of respiratory illness has a number of 
features in common with the Chronic Obstructive 
Lung Disease (COLD) described in Nepal 10 and in 
Papua New Guinea. 4 These include the relative pre- 


Table 6 Mean individual expired air and ambient room levels of carbon monoxide CO (ppm) during the winter survey in houses with no fire alight, 
and in houses with fires alight with chimneys, without chimneys, and where more rhan one fire was alight and at least one had no chimney 


Carbon 

monoxide 


No fire alight 
No. mean (5.E.) 


Characteristic of fire (or fires) alight during winter survey 
<b); (c) 

Fire(s) only, Fire(s) only 

with chimney without chimney 

No. mean (S.E.) No. mean (S.E) 


(d) 

Fires with and 
without chimney 
No. mean (S.E.) 


Exhaled air 

17 

11.4 

(2:0) 

78 

12.5 

(0-9) 

54 

16.7 

(1.7) 

103 

20.1 

(10) 

House: 

Fire 

12 

6.9 

(1.5) 

42 

47.7 

(11.0) 

28 

102,7 

(56.9) 

51 

113.8 

(H.7) 

Floor 

13 

5.0 

(12) 

42 

12.4 

(2-5) 

28 

260 

(50) 

51 

26.1 

(21) 

Middle 

13 

5.6 

0-3) 

42 

17.9 

(3-7) 

28 

35.3 

(66) 

51 

39.6 

(3 1) 




Source: https://www.industrydocuments.ucsf.Bdu/docs/shpxOOOO 
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dominance of women being affected in comparison to 
Western populations, the chronic productive cough, 
j and obstructive lung function. The respiratory disease 

in Chuchot was not particularly associated with smok- 
! ing, indeed none of the women smoked. The indepen¬ 
dence of chronic respiratory disease from smoking is in 
agreement with the findings from Papua New 
Guinea. 31 ’ 

Other studies from Papua New Guinea 12 have found 
a similar high prevalence of chronic bronchitis with an 
equal sex distribution, but with some different fea¬ 
tures. There was evidence of a late onset of dyspnoea, 
relatively well preserved expiratory flows and severe 
ventilation-perfusion inequality. These findings, to¬ 
gether with autopsy evidence suggested that fibrosis 
1 was important, probably the result of repeated respir¬ 
atory infections. However, clinical examinations, 
j more detailed lung function, and chest x-rays were not 

i carried out in the Chuchot study, so it is not possible to 

j 1 comment further on the nature of the lung disease in 

j Chuchot compared to the various populations studied 
| in Papua New Guinea. Nevertheless, the symptoms 

i " and obstructive lung function do suggest a picture of 
ji COLD similar to that described by Anderson/ 

The sex distribution of Itmg disease in Chuchot. and 
the independence from smoking, raised the strong 
possibility that domestic pollution was the cause. 
Although; suspected and investigated in a number of 

tieveiopms, countries, tne jti'ect'c^iuv.tce oi O' 

causal (association comes from studies in Nepal, where 
. the duration of exposure to smoke in the home 
(assessed bv time spent near the stove) has been shown 
to be associated with symptoms of chronic bronchitis 2 
and withilower lung function. 5 

The measure of pollution used in the present study is 
CO: Fires burning biomass fuel (wood, dung, agri¬ 
cultural residues) produce a range of pollutants includ¬ 
ing CO; nitrogen dioxide, suspended particulates, 
hydrocarbons and aldehydes. 1314 The most important 
irritants of the lower respiratory tract are nitrogen 
dioxide and'particulates. 14 Although these two prod¬ 
ucts were not measured directly in Chuchot, the levels 
of CO detected in the houses in winter are consistent 
with high levels of nitrogen dioxide and particulates 
being present. 15 The CO levels have been shown to 
correlate highly with smoke density (r = 0.84) in pol¬ 
lution from wood fires in Papua New Guinea, 16 and 
dung produces essentially similar combustion products 
to wood including suspended particles of respirable 
size. 15 Acute exposure to smoke from biomass fuel has 
been shown to cause elevated carboxyhaemogiobin 
levels when using traditional stoves in India. 17 

The marked increase in CO levels observed during 


the winter in Chuchot is consistent with the expected 
pattern of change in pollution. Over the same period 
there was a highly significant fall in FEV P but not in 
FVC, which suggests that pollution could be having a 
relatively acute obstructive effect on the lungs. The 
fact that the fall in FEV r was greater in those with 
chronic symptoms makes in unlikely that the effect was 
artefactuali The level of winter pollution showed no 
significant association with symptoms, although there 
was some evidence of an association with the winter 
FEVj/FVC ratio, particularly for women. The marked 
variability of CO levels in the home 1618 would weaken 
these associations, although the exhaled CO values are 
less variable than the house measurements and would 
thus be expected to yield stronger results. However, 
the finding of an association between individual change 
in CO and individual change in FEV, between summer 
and winter does provide stronger evidence of a causal 1 
role for pollution. 

It cannot be demonstrated here that the winter fall in 
FEV, is reversible, since this would have required a 
third (summer) study. Furthermore, although the find¬ 
ings in Chuchot suggest that pollution may cause a fall 
in FEV,, over six months, this does not necessarily 
mean that it can lead to chronic obstructive disease. 
The greater fall in FEV, among those with chronic 
symptoms is suggestive of this, but it could also be that 
those who alfeady have disease are more susceptible to 
th,' irr::ant effects of pollution. Ho* 1 ever, there is evi¬ 
dence from rats that exposure to cow dung smoke can 
lead to chronic bronchitis, bronchiolitis, and focal col¬ 
lapse with emphysema. 19 In humans, Pandev found 
evidence of lower FEV, and FVC as duration of expo¬ 
sure to biomass smoke increased, but this was based on 
a cross-sectional rather than a longitudinal design. 5 

The mechanism by which biomass smoke could 
cause COLD is not certain. Nitrogen dioxide and par¬ 
ticulates can penetrate the lower respiratory tract and 
lead to irritation, ciliastasis and mucosal damage. 13,14 
Acute exposure to particulates may cause a reduction < 
in lung function which can persist for two to three 
weeks. 14 The risk of infection may also be increased, 
and this could lead to COLD as suggested by Wool- 
cock. 12 It is also strongly suspected that domestic pol¬ 
lution is a cause of acute respiratory infections among 
children in developing countries. 20 

Other possible causes of COLD in highland commu¬ 
nities have been discussed, including tuberculosis, 
asthma, and mould sensitivity. 3 Although there is no 
firm evidence, clinical impressions suggest that tuber¬ 
culosis is not particularly common in Chuchot. This is 
consistent with observations from other highland"com¬ 
munities such as Papua New Guinea, 3 and in Nepal 


Source: https://www.industrydocuments.ucsf.edu/docs/shpx0000, 
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where a tuberculosis prevalence of 1.3% was found 
among subjects with symptoms of chronic bronchitis. 10 
To our knowledge, airways reversibility and mould 
sensitivities have not been studied in Ladakh, but asth¬ 
ma is reported by clinicians to be very rare and the dry 
climate might be expected to restrict fungal growth. 
There was no evidence from this study that cigarette 
smoking has yet become a major contributor to chronic 
respiratory illness in Chuchot, but this is likely to be 
due to the fact that smoking is almost entirely restric¬ 
ted to men under 40 years. A preliminary study of Chu- 
chot and the nearby village of Stok has shown a high 
prevalence of silicosis in older people, and while more 
detailed investigation is required, it is possible that 
exposure to dust is another cause of respiratory illness. 

The winter levels of pollution in the houses were, as 
expected, higher where no chimney was in use. The 
CO levels close to the fires in these houses (where 
women sit for long periods) were about twice the 
recommended time-weighted eight-hour level of 
50 ppm. :i but only slightly below this level (47,7 ppm) 
in houses where a chimney was in use. However, it is 
the nitrogen dioxide and paniculate pollution associ¬ 
ated with these levels of CO that is of greater 
importance. 

We have observed' that many chimneys leak, and 
that the embers are often raked onto an open hearth to 
increase space heating. There is clearly a need to 
improve the cooking and heating arrangements, 
although'effective chimneys are only one aspect of 
efficient fire design. 22 

CONCLUSIONS 

It seems likely that domestic fire pollution is an impor¬ 
tant factor in the high prevalence of chronic lung 
disease in Chuchot. and this appears to be of particular 
importance for women. Further work is required to 
clarify whether the winter fall in FEV, is recovered in 
the following summer, and whether this relatively 
acute impairment leads on to chronic obstructive 
disease in the longer term. The importance of tubercu¬ 
losis, other infections, airways reversibility and dust 
pneumoconiosis in this community also needs to be 
examined further. Although the demonstration of a 
direct association between pollution and lung function 
in the Chuchot study adds to the evidence for a causal 
link between domestic pollution and chronic lung 
disease, it remains a difficult case to prove. We agree 
with the suggestion of others that intervention studies 
are now required. 30 * 23 In the meantime, it is important 
to prevent cigarette smoking becoming more prevalent 
among men and being adopted by women, as this is 
likely to cause a further deterioration in the respiratory 
health of this community. 
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